High-intensity rainfall was applied artificially to plots on eight steep, forested areas in the Payette National Forest in central Idaho. Logged and unlogged sites on northeast and southwest exposures were represented equally. Results show that runoff and erosion are greater on southwest than on northeast exposures, and that even after careful logging~ erosion increases on southwest but not significantly on northeast exposures. Bever, Wendell. 1952 . 11 The Effect of Silvicultural Practices on the Production of Deer Browse/ 1 S. Oak. Dept. Game, Fish and Parks, P.R. Proj. 12-R-9, 5 pp.
Black, Peter E. 1963. "Timber and Water Resource Management ,1 1 For. Sci. 9(2):137-145. This paper presents an economic analysis of the physical relationship between the production of timber and water on wild lands. Recent studies have indicated that water yield may be increased through certain types of forest cutting under certain conditions; though this relationship is not fully known, economic research into potential management of these two resources is needed. Based on research at the U.S. Forest Service 1 s Fraser Experimental Forest, in Colorado, a graphical and mathematical procedure for predicting stream yield increases due to forest cutting is developed. Inventory data on streamflow and timber stands on the headwaters of the Fraser River, which supplies water to Denver, Colo., via the Moffat Tunnel, were used in the analysis. It is concluded that the management intensity indicated by the analysis for the watershed is both realistic and desirable and that the use of minimum figures throughout the analysis enhances its practical value in application to the land through good land management practices.
Bowie, James E., and William Kam. 1968. 11 Use of Water by Riparian Vegetation, Cottonwood Wash, Arizona, 11 U.S. Geol. Surv. Water Supply Pap., 1858. 62 pp.
The change in water use as a result of the modification of riparian vegetation was measured in Cottonwood Wash, Mohave County, Ariz. A 4.1-mile length of the stream channel was selected and divided into a 2.6-mile upper reach and a 1.5-mile lower reach. Measurements of streamflow, ground water levels, vegetation, and meteorological phenomena in the area defined the use of water by riparian vegetation under natural hydrologic conditions. Subsequent defoliation and eradication of the vegetation in the lower reach permitted the determination of the change in water use as a resul~ of the modification. The computed averag~ loss of water from the lower reach before modification was 80 acre-feet per growing season, a quantity which represented about 18 percent of the average flow entering the reach in the same period.
· Brown, George W. , and James T. Krygier. 1970 . .
Treatments in this Pilot
Project on Beaver Creek were designed primarily to increase water yield, the results of the treatments are being evaluated, however, in terms of effects on sedimantation and flood damage, timber and forage yields, wildlife and aesthetics, as well as streamflow. Results of these studies will provide input for economic models being developed to analyze alternative management programs for watersheds in the SaltVerde basin. The main purpose of this paper is to summarize the·multiple use results of watershed treatments on the Beaver Creek Pilot Project to date, and to briefly outline plans for economic evaluations.
Brown, George W., and James T. Krygier. 1971. In the past, management of the forested watersheds in the Pacific Northwest has focused primarily on the production of timber. Many of the streams in these watersheds ~re also the spawning and rearing sites for a valuable anadromous fishery and, in many instances, the source · of water for Northwest municipalities. Management of these watersheds is indeed in a sta~e of transition. Recent research findings have shown that clearcut logging can significantly affect stream temperature and sediment and dissolved oxygen concentration. Water quality standards prescribed for interstate waters are being extended to small, forested streams. Oregon, for example, is now in the process of instituting a new forest practices act which will prescribe logging practices and standards of operation and enforcement to meet these water quality criteria. The tension lysimeter system, coupled with techniques to measure bther environmental data, was used to study certain watershed management problems. Data on water and elemental movement for forested and clearcut areas at points under the forest floor and at 36-in. depth are reported for the study. This study demonstrated that the thinning of dense forest stands will appreciably increase the net precipitation received on the forest floor. In the Fraser Experimental Forest, in Colorado, thinning of lodgepole pine in one area increased the amount of snow reaching the ground by 20 percent and increased the amount of summer rainfall reaching the ground by 15.5 percent. Data indicate that evaporation and transpiration losses of the soil moisture were unaffected by the thinning treatments. Appreciable increases in streamflow have followed the removal of one-half of the mature timber (pine, spruce, and fir) from the watershed of the Fraser Experimental Forest, in Colorado. The spring flood peak was increased the first year, but decreased in comparison with the control the second year. Sediment yield was low following cutting. Snow accumulation has increased in the cut strips. Evapotranspiration from watersheds depends on the spatial and temporal confluence of water and thermal energy at watershed surfaces. Four categories of surfaces exist or may exist: (1) external. surfaces of leaves and plant stems, (2) internal plant surfaces, (3) soil surface, (4) snowpack surface. Water becomes present on these surfaces through interception of precipitation, absorption and transport of soil water by plants, capillary flow of soil water, and by snow accumulation. Generally, radiant energy is the main source of the heat of vaporization. For any mass of vegetation per unit of land area, evapotranspiration should be aximum when plant substan~e is most uniformly distributed throughout the growing space. Canopy interception of precipitation and radiation, and transport of soil water to transpiring surfaces are then at a maximum. Forest manipulation that causes heterogeneity in canopy and root distribution, as by partial clearing, should tend to minimize evapotranspiration. To be effective, persistent discontinuities must be produced in the canopy with respect to its role as receptor for precipitation and radiant energy and/or in the root network as an absorber of soil water. Substitution of vegetation of shallower root and/or canopy depth, longer dormant season, or lower transpiration ratio are other means by which watershed management can reduce evapotranspiration. The amount of erosion and sediment occurring below logging roads on steeply sloping granitic soils in ponderosa pine lands of southwestern Idaho was studied intensively. Seven road and slope characteristics amenable to quantitative evaluation were investigated to determine their relationship to the distance that sediment moved downslope from a road embankment. Four of these characteristics --the slope obstruction index, cross ditch interval squared, embankment slope length, and the product of the cross ditch interval and road gradient--were found to influence sediment flow distance significantly. These characteristics were incorporated into an equation that promises to be valuable in determining the safe width of buffer strips necessary to protect lower roads or stream channels from sediment damage emanating from road construction activities. Results are reported for 39 studies of the effects of altering forest cover on water yield. Taken collectively, these studies reveal that forest reduction increases water yield and that reforestation decreases water yield. Results of individual treatments vary widely and, for the most part, are unpredictable.
First-year response to complete forest reduction varies from 34 mm. to more than 450 mm. of increased streamflow. A practical upper limit of yield increase appears to be about 4.5 mm. per year for each percent reduction in forest cover, but most treatments produce less than half this amount.
There is strong evidence that in well-watered regions, at least, streamflow response is proportional to reduction in forest cover. As the forest regrows following treatment, increases in streamflow decline; the rate of decline varies between catchments but appears to be related to the rate of forest recovery. Seasonal distribution of streamflow response to treatment is variable; response in streamflow may be almost immediate or considerably delayed, depending on climate, soils, topography, and other factors. The effect on streamflow of changes in forest and brush cover in the Wagon Wheel Gap area of Colorado (Bates and Henry 1928, 279) and the San Gabriel Canyon area near Azusa, Calif., are described in this paper. Changes were effected in Colorado by cutting and in California by accidental fire after accurate data had been recorded for several years.
It was concluded that forests did not
11 conserve the water supply, 11 because after their removal there was an increase in average annual yield amounting to 15 percent in the Colorado mountains and 29 percent in the coastal mountain area of southern California.
Contrary to widely quoted opinion the increase in runoff was not confined wholly to flood periods. In both the Wagon Wheel Gap area and in the southern California area, 52 percent of the increase occurred during the nonflood period.
Hursh, C. R. 1951. 11 Research in Forest-Streamflow Relations.
11
Unasylva 5: pp. 2-9.
Johnson, E. A., and J. L. Kovner. Cutting Forest Vegetation.
pp. 145-148.
uEncreasing Water Yield by Georgia Mineral Newsletter 7:
This paper discusses sediment yields from two undisturbed watersheds and one watershed from which one-half of the merchantable timber was removed by careful timber harvesting. The necessary logging roads on the harvested watershed were planned and built to minimize erosion. Selected geomorphic characteristics of the watersheds are evaluated •. Magnitude -frequency relationships are developed for estimating long-term sediment yields by the udesign-period 11 approach.
Levno, A., and J. Rothacher. 1967 Erosion plots and sediment dams were used to evaluate the effects of jammer and skyline logging systems on erosion and sedimentation in steep, ephemeral drainages in the Idaho Batholith of central Idaho. Five-year plot data indicated that no difference in erosion resulted from the two skidding systems as applied in the study. Sediment dam data obtained concurrently showed that the logging operations alone (excluding roads) increased sediment production by a factor of about 0.6 over the natural sedimentation rate. Roads associated with the jammer logging system increased sediment production an average of about 750 times over the natural rate for the six-year period following construction. In this discussion, forest cultural operations are restricted to timber harvest practices in general,-including a variety of silvicultural schemes, and to the associated operations of skidding and road construction. A number of streamflow properties, including total quantity, timing, and quality of flows, are influenced by forest cultural practices. Effects of treatments upon streamflow result from modifications in watershed functions caused by reduced water use by trees, changes in the microclimate of the forest site following tree removal, and soil disturbance created by overall timber harvest operations. Logging operations in western Montana have been accused of being a major source of sediment. Another aspect of logging that has caused some concern is the impact of timber harvesting on soil nutrient depletion and on water chemistry. This paper discusses both possibilities especially as they relate to Montana: the first part considers the causes of soil erosion and how it can be controlled during and following logging. The second part examines the changes in the chemistry of the soil and streams that result from logging. Most water flowing in our streams comes from forested watersheds. With continua11y increasing demands for high-quality water, we need to know how forest management activities affect the quality of water supplies. As the gentler forest lands become used more intensively, and as timber harvest activities extend further into rugged terrain, the opportunities for damage to water quality increase as a result of destruction of vegetation and disturbance of soil.
An important job of watershed management research is to gain understanding of the hydrologic and erosional behavior of forest lands so that such management objectives as increasing water yields can be attained with a minimum increase in stream sedimentation.
Research to determine the effects of forest treatments assocfated with timber harvesting has shown that: (1) undisturbed forests produce only small amounts of sediment and a streamflow usually suitable for drinking; (2) with the possible exceptions of substantial increases in streamflow peaks, timber cutting does not adversely affect water quality; (3) logging, or skidding of logs from forests, can sometimes increase sedimentation considerably, depending upon the location and drainage of skidways, the erodibility and stoniness of soils, and the rapidity of revegetation of skidways; (4) roads that are inadequately drained or are located too close to streams are the main cause of deterioration of water quality in forests.
Phi 11 i ps, Robert W. 1963. 11 Effect of Logging on Aquatic Resources.
11
Oregon State Game Comm., Res. Div. Rep., pp. 105-122.
- This paper summarizes our current understanding of the effects of timber harvesting on erosion. Rates of erosion on mountain watersheds vary widely but the relative importance of different types of erosion and the consequences of disturbances remain fairly consistent. Therefore these conclusions seem to be valid for most circumstances: Most of man 1 s activities will increase erosion to some extent in forested watersheds, erosion rarely occurs uniformly; sediment production declines rapidly following disturbance; landslides and creep are the chief forms of natural erosion in mountainous regions; cutting of trees does not significantly increase erosion, but clearcutting on steep unstable slopes may lead to increased mass erosion; accelerated erosion is a possible undesirable side effect of use of fire in conjunction with logging; the road system built for timber harvesting far overshadows logging or fire as a cause of increased erosion; and potentially hazardous areas can be identified in advance of the timber harvest. The riparian cut on North Fork suggests strongly that removal of a few broadleaf hardwoods along streams in mixed forests at high elevation does not result in increases in water yields. The effect that commercial timber harvest and changing from a moist forest to a perennial grass type has upon water yield and sedimentation must await further years of record. Additional measurements of water yields must be obtained before conclusions are mathematically sound. Rich, Lo\'1el1 R. 1965. 11 Water Yields Resulting from Treatments Applied to Mixed Conifer Watersheds. 11 Ariz. Watershed Symp. (Tempe, Ariz., Sept. 1965) Proc. 9: 12-15. A test of applied watershed management on the San Dimas Experimental Forest in southern California has shown that streamflow yields can be appreciably increased. This was accomplished by clearing the deeprooted woodland-riparian vegetation from selected canyon bottom reaches of Monroe Canyon, a typical southern California mountain watershed. The increases in flow were especially important because they occurred primarily in summer and in the initial period of soil wetting during succeeding rainy seasons, when streamflow was lowest and water most needed. During the one rainy season of heavy precipitation and co~tin-uously wet soils the removal of the woodland-riparian vegetation had no appreciable effect on streamflow, peak discharge, or erosion rates. However, during wetting periods and during the one rainy season of light precipitation, streamflow yields, particularly during storms, were considerably increased. Streamflow was inadequate to produce sediment movement in either the treated or control watersheds during these wetting periods. Removal of the tree-brush cover shading the stream course resulted in an increase in the algae content of the late spring and summer flows but had no other detectab 1 e effect on water qua 1 ity. These first ,results show that, while streamflow can be increased by removal of the canyon bottom vegetation, this kind of treatment, to be most successful, should be 1 imited to carefully selected areas with conditions of climate, vegetation, soil, and water capable of yielding the desired increases. That is, to areas in which (1) the water supply is adequate to exceed evapo-transpiration losses after treatment, (2) the water table or zone of saturation is within reach of the heavy water.using woodland-riparian vegetation, and (3) the canyon bottom soils overlaying the water Undisturbed forested watersheds are generally recognized as a primary source of high-quality water. The physical and chemical nature of these waters fluctuate constantly in response to natural stresses but are most influenced by man's activities. Three major forest land activities--timber harvesting, fertilization, and herbiciding--which may have an effect on water quality are reviewed. Buffer strips have been receiving a great deal of attention as a means of protecting streams and the stream environment. But they are not equally useful in all places. The desirabilHy of applying buffer strips is dependent on three classes of factors--physicalbiotic factors, outside cultural factors, and management objectives. Some potential costs and benefits associated with buffer strips are identified, but all these costs and benefits should not be expressed in dollar terms. Rather, all costs and benefits associated with each management objective should be explicitly recognized in their own natural measure of contributions to goals, and decisions should be made on the basis of this information. This report presents results of a three month study whose specific objectives were:
1. To provide descriptions of nonpoint sources information relevant to water pollution problems, including the nature of sources, type of pollutants, relative importance of pollutants from each source, and pollution loads related to natural and operational factors.
2. To determine methods, techniques, and procedures that can be used for identifying, measuring, and evaluating the nature and extent of the pollutants from nonpoint sources.
3. To provide analyses of the effect of nonpoint sources pollutants on water quality management.
